more poorly than males (Harding, 1981; Murphy, 1982) . The reason for this female disadvantage is unclear. However, there is no evidence that multiple-choice tests penalize examinees who are reluctant to guess while favoring examinees who are test-wise and willing to take risks (Rowley, 1974; Slatker, 1968) . In general, males are more willing than are females to take risks and to guess on multiple-choice tests (Hanna, 1986) . Moreover, females are more willing than are males to choose an "I don't know" response option; a response that is not rewarded on standardized tests (Linn, Benedictis, Delucchi, Harris, & Stage, 1987) . This becomes especially apparent on tests in specific content domains of science. For example, on physical science items there are large differences between males and females in "I don't know" responses (Linn, et al., 1987) .
One interpretation of this response style among females is that they simply do not know the content area of physical science as well as males. Analysis of science achievement tests, item by item, indicates that the larges performance discrepancies occur on test items dependent on physics knowledge (S. Johnson, & Murphy, 1984) . For example, in an examination of the British Columbia Science Assessment, Erickson and Erickson (1984) noted that males outperformed females on items related to principles of gravitation, electricity, and motion. As Erickson and Erickson (1984) postulate, males do better than females on items that deal with objects and events drawn from their "sphere of experience." Put another way, one possible explanation of females' tendency to select "I don't know" alternatives is due to their disadvantage in domains in science where they have fewer science-related experiences (S. Johnson, 1987; Kahle & Lakes, 1983) . This possible explanation is supported by the 1990 NAEP survey of student attitudes at Grades 4, 8, and 12. Significantly more males than females reported experiences with activities related to physical science such as experimenting with batteries and magnets (Jones et al., 1992) . In several studies, this "experiential" difference has been found to correspond to the discrepancies in male and female test scores in science (Erickson & Erickson, 1984; S. Johnson, 1987) .
The emphasis of traditional achievement tests on the recall of basic content is thought to put females at a further disadvantage (Champagne & Newell, 1992) . For example, on the NAEP 1976 NAEP -1977 NAEP and 1981 NAEP -1982 assessments, there were consistent gender differences among 13-and 17-year-olds on science items that stressed specific knowledge in particular content areas (e. g., "What is evaporation?"). On the other hand, gender differences were absent on items that involved analytic processes and multi-step reasoning such as designing experiments and drawing conclusions (Linn et al., 1987) . Similarly, in the British Columbia Science Assessment at Grades 4, 8, and 12 on items requiring specialized content knowledge males outscored the females, whereas no differences emerged in understanding scientific processes (Erickson & Erickson, 1984) . Apparently, the "female disadvantage" on science achievement tests vanishes when emphasis is place on problem solving, reasoning, and critical thinking.
Changing to Performance-Based Assessments
The impetus for change in science testing comes from the notion that measurement of content knowledge at the exclusion of process and application skills gives an incomplete picture of students' science achievement (Frederiksen, 1984; Glaser, 1988) . Moreover, there is a belief that continued reliance on multiple-choice tests may hamper the development of innovative learning technologies (Wiggins, 1989) and efforts to successfully implement the reform agenda (Shavelson, Carey, & Webb, 1990) . To support science education reform and to reflect student achievement accurately, "all tests should involve students in the actual challenges, standards, and habits needed for success in the academic disciplines or in the workplace: conducting original research, analyzing the research of others, arguing critically, and synthesizing divergent viewpoints" (Wiggins, 1989, p. 706) .
Performance-based science assessments provide students with hands-on opportunities to demonstrate their knowledge, not simply by recalling scientific facts but by constructing solutions (Baxter, 1991) . In evaluating student performance thee is an emphasis on the process by which students generate solutions, not just on the correctness of the solution itself (Baxter, Shavelson, Goldman, & Pine, 1992; Carey & Shavelson, 1989) . The notion is that individuals approach problem solving differently due to varying styles, not differing abilities (Paris, Lawton, Turner, & Roth, 1991) . Therefore, tests should be constructed to allow for this individual variation (Neil & Medina, 1989) .
As a consequence of performance-based testing's greater emphasis on problem solving and critical thinking, the idea is that factors such as guessing or reliance on exposure to science-related activities outside the classroom should be substantially reduced, giving way to the opportunity to females to show what they know and can do (Jenkins & MacDonald, 1989; M. Johnson, 1990 ). This proposition, however, has not been empirically explored. Moreover, critics of reform caution that too often new programs or methods are implemented without evidence that their impact on students (Slavin, 1989) . Research and development are therefore needed to examine whether alternative approaches to science testing will be "fair" in their assessments of both males and females (Kulm & Stuessy, 1991) .
A Preliminary Investigation
Over the past 5 years, a team of researchers and science teachers at the University of California, Santa Barbara and the California Institute of Technology have been developing and evaluating hands-on performance of measures in science (e.g., Shavelson, Baxter, & Gao, 1993; Shavelson, Baxter, & Pine, 1991 , 1992 Solano-Flores, Jovanovic, & Shavelson, 1994) . They have investigated the reliability and validity of performance assessment development for research and for the purposes of applied statewide performance assessment programs. Using data generated from these studies, the present investigation examined gender differences in these data sets. Table 1 includes the list of studies from which the science achievement data sets were generated, the investigators, sample sizes, percentage of females in each sample and grade levels.
As will be described below, all three studies involved the generation of science achievement data in several content areas in science. In addition, Study B assessed each content area through the use of several measurement methods (i.e., hands-on, shortanswer, and multiple-choice). In Study C, assessments were composed of several science tasks (i.e., planning and design, performance, analysis and interpretation, and application). For all three data sets gender effect sizes were computed by subtracting the standardized mean score for males from the standardized mean score for females (Bolger & Kellaghan, 1990) . In this way, positive values reflect a male advantage. In addition, to determine the significant effects of gender and its interaction with science content area, measurement method, and/or science behavior, a repeated analysis of variance (ANOVA) of the standard deviate achievement scores was applied to each data set. 
Study A
In Study A, science achievement scores were examined from a random sample of students who participated in the 1990 Science Performance Field Test of the California Assessment Program or CAP (Comfort, 1991 ; the name has recently been changed to the California Learning Assessment System). The Cap field test was composed of five handson investigations from five content areas in elementary school science:
• Electricity: Determine the conductivity of different materials.
• Leaves: Develop a classification system for leaves and then classify a new mystery leave.
• Rocks: Test and identify the properties of three rocks and then identify and unknown rock.
• Measurement: Select and appropriate measurement tool to estimate the quantities of height, volume, temperature, and mass.
• Acids and Bases: Determine the pH of water samples. Individual students rotated through five self-contained stations to perform each investigation at timed intervals (about 13 minutes per station). At each station, students were provided with the necessary materials and asked to respond to a series of questions in a specified format (e.g., fill in a table). Performance on each investigation was scored holistically (for scoring and psychometric details, see Gao, 1992; Shavelson, Baxter, & Gao, 1993) . Figure 1 presents the gender effect sizes for science achievement for each of the five CAP investigations (i.e., five science content areas). A Gender x Content Area repeated measures ANOVA indicated a significant between-subjects effect for Gender, 
Study B
In Study B, data were collected with three hands-on investigations from three content areas in science:
• Electric Mysteries: Determine the contents of six "mystery" boxes by connecting circuits to them.
• Bugs: Determine sow bugs' preferences for various environments (e.g., dark or light, dry or wet). • Paper Towels: Determine which of three different paper towels soak up the most/least water.
Students' performances on each investigation were observed and scored by trained raters. Both short-answer questions and multiple-choice questions were developed to parallel the content of the three hands-on investigations. These questions were administered to each student at different times in the school semester prior to the hands-on investigation. 
Study C
In Study C, data were collected with two performance-based investigations that sampled two content areas from the concept domain of force and motion:
• Incline Planes: Determine the relationship between the slope of a plane and the force needed to move an object to the top of the plane.
• Friction: Determine the relationship between surface texture and the force needed to move an object on the surface.
Each investigation was composed of four science tasks relevant to an inquiry-oriented approach to science (Tamir, 1974 ):
• Planning and design: conceiving a procedure to experimentally test a hypothesis • Performance: conducting an experiment to test a hypothesis • Analysis and interpretation: transforming and representing information and inferring • Application: solving a new, concrete problem by using scientific principles used in the experiment. 
Interpretation and Discussion
Overall, the picture that emerges from this preliminary investigation is that there are few differences between males and females on performance-based assessments at the elementary school level. Summing across studies, science achievement on 5 of the 10 performance-based assessments showed no gender effect. Differences that did emerge appeared to be dependent on the particular science content area that was assessed. Females performed better than males on activities related to the classification of leaves and rocks (.35 and .21 standard deviation units higher relative to males, respectively) and somewhat better on the activity involving the measurement of the pH levels of water samples (.17 standard deviation units higher relative to males). Males, on the other hand, had a persistent advantage over females on activities related to electricity. Moreover, this male advantage resulted despite the method of measurement; across all three studies, the largest gender effect was found for the Electric Mysteries hands-on assessment (i.e., males performed .44 standard deviation units higher relative to females).
The present results suggest that, regardless of the method of measurement, students' prior experiences play a role in their testing performances. As previously mentioned, in general, boys' experiment with batteries and bulbs more often that girls (Jones et al., 1992) , whereas girls collect flowers and/or plants more often than boys (S. Johnson, 1987) . These differential experiences reported in previous research may account, in part, for the performance differences in the present results. It is unlikely, however, that prior experience alone accounts for the gender differences that were found. Clearly, students are situated in classrooms that are instrumental in their learning of science. Ideally, within the classroom, boys and girls should have the same instructional experiences. This, however, is not necessarily the case. For example, certain instructional practices (Eccles & Blumenfeld, 1985) or teacher-student interactions may favor one gender or another (Brophy & Good, 1974; Tobin, Kahle, & Faser, 1990) . At the same time, male and female students' prior experiences may interact with instruction differently (Good & Stipek, 1983; S. Johnson & Murphy, 1984) . For example, if a student has prior experience with a particular content area (e.g., connecting batteries to bulbs), he or she may be more willing to respond to the teachers' questions regarding the content area (e.g., electricity) or to take and active role in an activity that focuses on the content area (e.g., constructing an electric circuit). Furthermore, the teacher's preconceptions about gender differences in particular content domains (e.g., that males are better at physical science, or that girls are better at biology) may lead the teacher to call on, or to respond to, males and females differently (Morse & Handley, 1985) . This prior-experience-by-instruction interaction may lead to varying learning experiences for males and females. These differences may, in turn, be reflected in students' test performances.
As outlined in a policy report issued by the National Center for Improving Science Education, the goals of alternative science assessments are to (1) provide greater opportunities for children to interact with stimulus materials, (2) attend to understandings of constructs and principles as well as factual knowledge, (3) probe approaches to problem solving as well as outcomes, (4) be explicitly integrated with the curriculum and with instruction, (5) incorporate hands-on activities whenever feasible, and (6) be structured around group as well as individual activities. (Raizen et al., 1989, p. 97) .
If teachers are held accountable to such goals, then the focus of instruction in the science classroom will change (Champagne & Newell, 1992) , That is, tests that focus on a range of science skills will motivate teachers to spend time helping all students to develop these skills . In this way, the classroom environment may become an "equalizer," providing compensation for the disparities in students' experiences outside of school (Jenkins & MacDonald, 1989 ).
An important issue that could not be addressed in the present investigation is how performance-based testing will affect males' and females' attitudes and interests in science. Research on achievement motivation indicates that repeated experiences of failure diminish students' perceptions of their ability (Diener & Dweck, 1978; Harter, 1985) . When students feel that their achievement failures are caused by low ability, these feelings can lead to shame, humiliation, and anxiety in evaluative situations (Weiner, 1984) . In turn, low-achievement scores may decrease motivation to learn (Diener & Dweck, 1978) . Therefore, the issue of whether performance-based assessments (and the corresponding performance-based curricula) will facilitate or impede students' learning in science must become an integral part of the evaluation of these new tests.
Clearly, tests in themselves are not going to eliminate gender difference in science achievement; the issue is far more complicated. But given the major influence tests can have (e.g., determining scholarships and college entrance), educational reformers must be sensitive to the differential impact that alternative assessments can have on male and/or female performance in learning science. There is a danger in simply assuming that performance-based assessments will be fair in their treatment of females (or, for that matter, other minority groups in science). The danger is that, if girls do not do better, this may only further the popular cultural stereotype that girls simply cannot do science as well as boys (Kelly, 1988) . Steps have been taken to ensure that all students, regardless of gender, acquire the knowledge and skills necessary for successful achievement in science.
